Single crystalline and polycrystalline CoNiGalOO.(+), 4l<xc0<62 and 193<YNi<32.7 [at%], Ferromagnetic Shape Memory Alloys (FMSMAs) have been produced in the range of the Heusler-type composition. Elasto-mechanical properties have been analyzed for the annealed and quenched states, respectively. The mechanical spectroscopy data show the occurrence of martensitic phase transformations with the transition range and characteristics depending on the state and the composition ofthe alloys. For xc049±l at%, the Ni/Ga ratio was shown to be in direct relationship with the transition temperature range, from an Ms of-100 °C for a Ni/Ga (21/29) to a +150 °C for a Ni/Ga ratio of about (26/25). For Ga27±O.4 at%, the Co/Ni ratio is in indirect relationship with the transition temperature, with an Ms of-125 °C for a (53/19) ratio to a + 175 °C for a ratio ofabout (49/26). Optical and electron microscopy shows that a typical thermoelastic martensitic transformation occurs. The L21 Structurberichtparent phase transforms into monoclinic or orthorhombic martensite upon cooling. The formation of a Co-rich phase has been observed for alloys with lower Ga content and is considered to be one ofthe reasons for the difference in the transformation range for annealed and quenched alloys.
INTRODUCTION
Ferromagnetic Shape Memory Alloys (FMSMAs) are an important member of the so-called Smart Materials group because they combine the functional properties of shape memory and magnetostrictive alloys, thus two types of energy -thermal and magnetic-can be used to control their behavior. In the effort to produce FMSMAs, the alloy components and the resulting alloys have to fulfill several conditions, such as: Cobalt is obviously a serious candidate for the fabrication of FMSMAs because of its magnetic characteristics.
However, only very recent research has shown promising results in the use of Co as a component for the FMSMAs.
Co-based FMSMAs have been recently produced following two paths. One has as a model the NiA1 shape memory system in which Co has been added to bring out a magnetic behavior [10] .The other path has as a model the Heusler-type FMSMAs for which the unique representative was, the Ni2MnGa system. For this system, Chernenko [11] initiated an analysis of the correlation between the Ms transformation temperatures and the valence electron/atom ratio, 
EXPERIMENTAL
CoNiGa alloys were prepared by arc melting followed by homogenization annealing at 900 °C for 10 hours.
Ingots ofthe compositions Co, Ni GalOO(+) , 4l<x<62 and 18< y<33 were prepared for this investigation. For two compositions, part ofthe Ga and Ni respectively were replaced by up to 2% Al. The composition ofthe ingots was measured using energy dispersive spectroscopy (EDS). Single crystals of Co2NiGa were grown, and their structure and properties were analyzed in the as-grown and quenched states.
Strips, 0.3mm thick, 4mm wide and 15mm long, were cut from the ingots and used to determine the martensitic transformation characteristics by measuring the elastic properties in an acoustic elastometer [1 7 ]. The temperature ofmeasurement ranged from -180 °C to + 300°C.
The microstructure was analyzed optically in polarized light using a heating device. Images were taken on heating and cooling in the temperature range corresponding to the phase transformation. Transmission Electron Microscopy (TEM) observations were carried out using a JEOL-4000FX microscope operated at 300 kV. The thin foils for TEM studies were prepared using mechanical thinning followed by ionmilling. All TEM structures were 3. RESULTS AND DISCUSSION An analysis of the ternary system for the CoNiGa shape memory alloys shown in Fig. 1 [at %]
The composition ofthe alloys studied in this paper and for which a phase b. typical martensitic structure in a Co50Ni2225Ga2775 alloy a Ga-rich matrix is likely to occur in alloys situated at low Ga contents, while higher Ga contents seem to favor a single B2 phase that transforms into martensite, especially in the quenched state. This conclusion is strengthened by neutron diffraction studies that suggests the presence of a Co phase for the stoechiometric composition. behavior of alloys with 27±0.4 at% Ga. In both cases it can be seen that the transition temperature and the amplitude of the transformation are composition-dependent (Fig.7) .
The microstructural analysis suggests that the cause Co/Ni 50/25
for the decrease in the amplitude resides in the presence of the Co-rich precipitates. The higher the Co/Ga ratio, the more precipitates form and the less the matrix. The latter one is the one that transforms and causes the change observed in the modulus defect.
The change in the transition temperature is tentatively attributed to the Ga content ofthe matrix. The Figure 9 shows that a slightly higher transition temperature can be reached for alloys in which a part of Ga has been substituted by Al, and a lower transition temperature when Ni was substituted by Al.
However, the amplitude of the transformation seems to diminish when Ga is replaced by Al. It .
transformation temperature, it also has negative 
CONCLUSIONS
The CoNiGa FMSMA system has been investigated from microstructural and elasto-mechanical perspectives.
The phase transition observed resembles the one known for NiMnGa FMSMAs. It also benefits from the favorable conditions that exist in the ternary Co-Ni-Ga system for the formation of a solid solution in the vicinity of the Heuslertype composition. This B2 phase transforms into martensite in a thermoelastic and reversible manner, as proved by both structural and elasto-mechanical data.
The microstructural analysis shows that for lower Ga content (Ga<26at%), the formation of Co-rich precipitates diminishes the output of the transformation. The martensite seems to develop in those areas that are richer in Ga than the stoichiometric composition. 
